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Role of the B-1,3-glucan-binding protein gene in Apis cerana
cerana against Ascosphaera apis infection

WANG Fangji'”, CHEN Xinrui'*, GAO Yaqin', ZHANG Yuwei', GAN Genchao', ZHOU Shuai',
GUO Rui"*?, QIU Jianfeng1’2’3, FU Zhongminl’m*, CHEN Dafu"**

1 College of Bee Science and Biomedicine, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China
2 National & Local United Engineering Laboratory of Natural Biotoxin, Fuzhou, Fujian, China
3 Apitherapy Research Institute of Fujian Agriculture and Forestry University, Fuzhou, Fujian, China

Abstract: [Objective] To analyze the expression profile of the P-glucan-binding protein
(AcB-GBP) gene of Apis cerana cerana in response to Ascosphaera apis infection and to
investigate the impacts of Acf-GBP knockdown on the larval mortality and the incidence of
chalkbrood disease following A. apis infection. These findings will provide a foundation for further
functional research. [Methods] The sequence and structural characteristics of Acp-GBP were
analyzed via bioinformatics approaches. RT-qPCR was employed to investigate the expression
profiles of Acf-GBP in the larval midgut following A. apis infection. Furthermore, RNA
interference (RNA1i) was utilized to explore the impacts of Acf-GBP on the larval mortality and the
incidence of chalkbrood disease. [Results] The CDS length of Acf-GBP was 1 440 bp, encoding a
protein with a molecular weight of 54.68 kDa and a grand average of hydropathicity value of
—0.22, which contained a typical transmembrane domain and signal peptide. Phylogenetic analysis
revealed that B-GBP of 4. c. cerana, Apis florea and Apis dorsata clustered into a single major
clade. After A. apis infection, the expression level of Acf-GBP in the midgut of 4. ¢. cerana worker
larvae was downregulated at 1-3 days post-infection (dpi) (P<0.05). Following RNA interference
(RNAI)-mediated silencing of Acf-GBP, its expression level was lower than that in the ds-egfp
group at 2 and 3 dpi (P<0.01). The cumulative larval mortality and the incidence of chalkbrood
disease both increased over the infection time, and the overall mortality was higher than that of the
control group (P<0.000 1). [Conclusion] Acf-GBP was capable of responding to A. apis infection,
and knockdown of Acf-GBP expression significantly impaired the resistance of honeybee larvae to
A. apis. Collectively, B-GBP acts as an important immune recognition protein in 4. c. cerana, and
plays an important role in defending against fungal invasion.

Keywords: Apis cerana cerana; B-1,3-glucan-binding protein; Ascosphaera apis; immune response;
RNA interference

B-1,3-1 B Wi 4t & 4 M (beta-1, 3-glucan-  (Drosophila melanogaster)/i N % [CEAYE S5 & 4
binding protein, B-GBP)J& T- GNBP/B-# R  H(BGRP/GNBP3)IH B-1,3-#1 M, W0l R iR
EHFRG, RRMNEATRHEE K, B-GBP  HEEHREKN , BAPIE Toll ¥:5Z 1K (Toll-like
JEEE AR B-1,3-5 B RN Z K, HERE receptors, TLRs){5 i@, & MPrEK, HLHEE
RRR Pl E EEMEMAY, BE R EEYERL R, FER A (Bombyx mori) . E[)
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JE B %t MR (Fenneropenaeus indicus) 1 75 b K 2
4>, (Holotrichia diomphalia)® F, % i B-GBP
45 & B-1,3-70 b, 8 o il & M A AL
(phenoloxidase, PO)Z% ik Jz 1 & HLHT 4H 1 AL T
&Yy, B-GBP U 1 B ST Bl 9K S 0 2 e
ME S Pyt 1 TR 5520 T 19 OGS 58 R S e ML o 7
IETTI, XS PY T (Apis mellifera)%) US4
HCZEFT 1 (Paenibacillus larvae) %3175 5 p-GBP.
PO F122 2 FR A g5 e Je R ek, DIk se
P&y H g S

ST kA A 7 5 28 vk R e BT R T]
BRWEZAEN, AT 5 A5 W i
Bt A=, BRI ROl K bl EAEY) S5 A6+
MR D RE . B R RDIR I B G R B A
SV S RE LS, KR SRR 2
KHEL, SR, M Y A A DE TG 22 FE R
Horp th 8 e BK P T8 (Ascosphaera apis)iz 45| KW
W e e E RS I E Z E 2 U,
PO I, e B R L 5 R SR AR
AEY R, EERERRESETY
HUR PR BE A DCIEE R, B om A0 S N 5 i
52 e H AR B PR T 5 TR AR T i
LR R G 0T BT U0 % Bt B (immune deficiency,
IMD) 1 Toll %5 F 2 AH G %, A i i ik 55 5C
SRR RN T iR e Ik AR AR R BT, R
B-GBP 2y & L 5 K A e v i) i 2245 xR 1) 4R
H, Hyr@shae e EdEshiy h g2k
SC, (HAEE W B-GBP BYHE LIRE M AR BT -

v A 95 W (Apis cerana cerana) 1) B-GBP
(AcP-GBP)1E %A %5 14 Bk 4 71 12 Y v 1Y B AR A
M AR . BT, AR T rh e
¥ B-GBP (AcB-GBP) % A 1) %i 18 J¥ 31| (coding
sequence, CDS), il T H: 4w fidh & (1 i #RALAE it
5oy FRAE, i H 5 HABYI R B-GBP 145
W NORG O FR DT T AcB-GBP 1x
PR R Y F R IBAR K, I RNA T
PLBARIRIT 112358 R G4y L1 23 & 9 % e ok
TRAY I, LU TR A ) B rh A2 S i 1
W o3 T HL SR BRI

o> =

1 AR5

1.1 #

PN PRPE T PR AR MR e 5 A e
22 bt B W R AP S F R AE, R AE
A P i A D e A 2 O (CGMCC) Y P = R
No. 40895, HiAE %8 1 T e 4y s [ A48 A bR
W 5 AR Y B 2 2 B i SR R R
12 EREKEEEMREESRFEH
aahl &

Z: I8 Chen 2B #E ST IO F R A, 1 HL
2 Hiy i sl 8 T 48 fLAR (45L& 50 pL fY
NT AR, FPRHEC I 3 TR 63% (EKMR S
w>1.4), JTTHK 30%, % 6% (HIE%E, T
PrifE: GB 14963), BERREEUY)(LIEES 2R 0k}
AT 1%, 75(35+0.5) °C. AHXHEE 90%
SAF TR PR 3 H IR 4 du i iR &
W TR TR A0 0 R, A B A MR R I
1x10° A4™/mL % 1 Bk 9 B 1607 1 ) 8H 0 days post
inoculation, 0 dpi), 24 h B iR R IR 3R 2
6 Hi. FIH 4-6 HEA(1-3 dpi)PiZH 4 73 4
41, GWRERGRG T-80 °CIAAE, L3 k4hdy
ER A ES, W3 A EYEER,

ARWFFEE AT 1x10° A/mL 2 W Bk 9 1
PR, 2% Chen R ST AUARHEAL IR Y
KRR, LWL IR 2k B ] ff A 8
T M Ay i B RS LR B A0 1 KR RRE
KA SR TE—E, TR A3 G DR A
1o R B HUPRGH AE T B R A UK AN B
ORI TN REAE 1A 2R
1.3 PCR ¥ 1&#0 Sanger

2 $& NCBI GenBank (482 % 1 AcB-GBP
(GenBank % 5% 5 XM_017049917.3) il 4% 1 iz
JPH, X CDS iff7orBewibe, WitIfG 3 xf
TS EY 4 51 W0 [ bh B8 77 % #F ScienceDB
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(www.scidb.cn) il A= 1274kt IX., DOI 2k 10.57760/
sciencedb. j00231.00046]. F|F SteadyPure fJt i
RNA $2 B0 & (W g S0RH B 2B W) TR PR
A PEEE) AU EAE S B RNA, I O SRS
¢cDNA. PCR JZ A% (20 uL): PCR Mix 10 pL,
cDNA &M 1 uL, L. FHE5I#(2.5 pmol/pL)#s
1 uL, DEPC 7K 7 pL. PCR JZ W #£ % : 95 °C
3 min; 95°C30s, 55°C30s, 72°C30s, it
34 MEH; 72 °C 1 min.
14 EYERZERAZHNLSH

AcB-GBP W TRy 5l ORF T H4k15
W 7 5 . Kl H ProParam, TMHMM
ProtScale, NetPhos 3.1 Server #1 SignalP 6.0
Server 1EZE M TN Acp-GBP & H (B M
P LS A B . SRR L BEER AL A RN E T R
YA G R I AN A R A ) T A
SOPMA!"! | SWISS-MODEL!"?#1 PSORT 11'"*/[%]
VAT

[T T FHIF 1134 R 4§ NCBI GenBank
Ba %, U5 A. c. cerana XP_016905406.1, /N
H W% (Apis florea) XP_003690362.2 . K% 1 (4pis
dorsata) XP_006607921.1, RE 1 (Bombus affinis)
XP 050587351.1, KK P AE & (Bombus terrestris)
XP_012167632.1, EE ¥ (Osmia lignaria) XP_
034187872.1. &[G BR ff WL (Ooceraea biroi) XP_
011342604.2, JR251&E(Anthophora quadrimaculata)
CAK9811243.1, &K % ¥ (4pis laboriosa) XP_
043789953.1, 5 JiIH ¥ (Eufriesea mexicana) XP_
017759246.1 1Y) B-GBP ZEMRT5 . FI/H MEGA
11.0M %5 iy Clustalw T E X B3R 10 M4 Fh
B B-GBP #t47Z H b XF, i 1d bootstrap 4B4%
(neighbor-joining) L ) i R K AW, & &
1 000 (XX . X ] Blast #J CD-search T.H fll
MEME!" #3437l 46 52 1 iR 4 W Fp B-GBP Ay £
SPIREFAIZE R, @ ad TBtools Ff4H b 4 5 |
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(DR ST BE 7RGS0 AT T A . DL R
K HBRINSEL
1.5 SERRAEEFER PCR

W48 AcB-GBP WL IR)F 4], FIJH Primer
Premier 6 X1 Acp-GBP Y S22 &8
1 ¥ #5 5% PCR (real-time RT-PCR, RT-qPCR) 5|
¥1(DOI N 10.57760/sciencedb.j00231.00046), L
AcActin (GenBank #5525 XM_017059068.2)1F
NS HE . B TE ABI Quant Studio 3 98 )65E
i PCR & 4t (Applied Biosystems 2 7)) H1 i 17 o
RT-qPCR J I/ 1K 2 FIFE 2 MR 0 i e 08 1 )y
%, RT-qPCR #17 3 IRFARE L M 3 IAEY)
i,

1.6 RNA F#

W45 AcB-GBP CDS W AT RRITAY, & IT4Hr
ST S A5 [4)(DOT A 10.57760/sciencedb.
j00231.00046). 51#1 PCR 434 3f-%:4% pClone007
JRL, I TE R A R AR LB TR Y
KRR, R 5 33 BB BOh) & 48
AL, % B8 T7 RNAI Transcription Kit (F§ 5% i
W A P BB IR A A PR A /AR G i, 78
T3 A B ES 1 H0 Stk hn T7 J3 3h 7541
(5-TAATACGACTCACTATAGGG-3"), VIHEZH )5
KRB 4T PCR 473 . JE AT 1.5% RS IR
I8 e L Dk A I 1 P ) s e H Y R B . R
T7 RNAI Transcription Kit (Fd &% i MEBE A= W) Bk
B A7 BR w20 BRIET dsRNA RSN Sk
i (ds-AcB-GBP), L& (05 6 L K egfp 1Y
T A BeAE Ry BAME XS B (ds-egfp). dsRNA [R5
RN R I SRS

2 B 78 e SN Jy vk HE AT dsRNA 19 1]
W BRI E R YA 3 B0 dpi)ghat, WEL
1 000 ng f*) ds-AcB-GBP i il & 50 pL falk} iR
EIVERSEIGA, fn44 N A. apis+ds-AcB-GBP. A
FEHL , FA P 1 000 ng (1 ds-egfp %1 HUAE X R
H, 4N A. apistds-egfp. FFF 24 h 155
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A AR Y dsRNA B9 AN Ak, H 2 3 dpis
fi# i A. apis+ds-Acp-GBP Fll A. apis+ds-egfp #H
[ 1-3 dpi Bl REA . 3 Skah Rl ke S VE N
1Y eE R, 3 MYy EE
1.7 BURTERMAERARERSIT

o)y W7 W SR TR AR dsSRNA TS
FRELimR 2 7 dpi, SRR ETSE A5 2H 4 At
TR A R, 9T 1-7 dpi %)L
TAET M e A%, X)), @Fis.

FET =T A Y2 AT 4 A/
TRLH A )2 O R A R < 100% (1)
BRI =R A AWy E A R 4 B/

BRHA B Y T A B} 100%  (2)

A B 5E %) R ZH R AL 20 4 R 3 AN AR
HE, BMEYEES 16 k4,
1.8 HuRsGit+

SE PR R X 3k iR 274 kPR AT R
B . RT-qPCR 1 %4k o0 B Lo &1 7 24 il R M
GraphPad Prism (v9.1.0) {4347, Horh 54 DA
S H LR UE 22 (meantSD) K/~ , AT Tk R ¢
Ki B (ns: P>0.05; *: P<0.05; **: P<0.01; ***:
P<0.001; ****: P<0.000 1), %H Zi[IET-FHM
1 25 &9 2% 18 a2 SRR GraphPad Prism 8
At R, A meantSD A %dE, HH

A B
bp DNA marker Acf-GBP-1

750 750

564 bp

500

500

250

100

El1 Acp-GBP CDSHID F &
Figure 1

products from three fragments of Acf-GBP CDS.

bp DNA marker Acf-GBP-2

R 2 J7 22 43 BT (two-way ANOVA) 3 #1048 ik
%’I‘i (e}

2 ER559

2.1 Acp-GBP CDS B9 F=kE

eI R s, /B 3 4% AB-GBP
) CDS F B, SiFEny Acf-GBP-1, Acp-GBP-2.
AcB-GBP-3 W K B 43 51 564, 520, 567 bp
(K 1), Sanger I F A9 LA ZE R BoR, 3 B
J¥%1) 5 NCBI #illl i) Acp-GBP ¥4 A8 [E(DOI Hy
10.57760/sciencedb. j00231.00046), 4% - % B |
AcB-GBP e hig T4 g h ik, H
L CDS Xk sl v b
22 AcB-GBP EHHIEBLMRM D F
FFIE

Acp-GBP 1) CDS £l 75 1 440 MZATR, 1]
it 479 1~ & FH R . AcB-GBP 4 F im 4 N
54.68 kDa, 773U A Cra87H3831N6470715815, IR
WRECH 97.22, SFHLE K 6.54, AcB-GBP & A
20 FhadElR,, Hoh & B s R e IR (53 1),
I ARA R ER(T 1) 1E AcB-GBP 222
FiRd o 2 R s 2 T T Wl T A S e e 0 ) oy
18, 10, 12 /(& 2A). AcB-GBP [ F-H)3EK £
Boh-022, BiKEAEERE R DT R KE SR

C
bp DNA marker Acf-GBP-3

750

567b
520 bp B

500

Molecular cloning of Acf-GBP CDS. A, B, C: Agarose gel electrophoresis for the PCR amplification
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(1 2B). AcB-GBP 4 [ H A LR (1% 5 45 1) da§,
UG5 k(& 2C. 2D). AcB-GBP 1% 22 4
(4.59%) a-B2THE, 135 25(28.18%)IEK4%, 322 4
(67.22%) JCHE I 2 Hh (] 2E) . =5k 43 M4t 3
78 AcB-GBP 5 H il AOATM6UV61.1.A Z
] A [RIVEAE A 91.18% (1] 2F). IV 20 it e 57 T
gERL IR, AcB-GBP A [l E A F M . 4
MURR . RRIER . RGN . RSN (S
oA M RE) R ZR R AR, 7L A IR 22.20%.
22.20%. 22.20%. 11.10%. 11.10% F1 11.10%.
2.3 AcB-GBP EEHIRTERF. FHHE
MAGHL ST

mnE 3A Fios, AcB-GBP B IIFLE 5 MRSF
¥ TEREN, BREE . NEE . B
B BEME . MRUNBEME | JNAME . SREEEEAN

EREC B M I B-GBP [FIAEAEFE Lk 5 M RsF 3
J¥(E 3A). AcB-GBP H14#H GH16 beta GRP il
CBM39 2588, fr/NgEme | MRNAERE | SRR
| REIEFIOR B MERY B-GBP P AETE ik 2 A4
SERIN . IRARME | BT G | SRE g EE [ B
FAMY Y B-GBP &4 LamG superfamily I CBM39
ShEFAIR

ARG A R B h AR 5 4 (1) B-GBP HLl
RBu—/NL, SREE BREE. AUNEg
(%) B-GBP L [F 5Ky — K325 R ILRR 75 L
X}, i AREE i 5N 1Y) B-GBP F LR T 51 A
I 88.09%, HhAEE I 5 KR 90.02%,
HHAR B i 5 PR R 6l 89.17%.,  RE I FIINK M AE
W RO — 3, BURE M . S RE RN SR 0 1Y
B-GBP A —Z (Kl 4)

A —Serine —Threonin —Tyrosine — Threshold value B 4
1 3
2
0] | |
2 ‘ A Of WILA Y A ‘ .‘
-1 [{} j I "
[l | > i
0 50 100 150 200 250 300 350 400 450 _30 50 100 150 200 250 300 350400 450
Amino acid position Amino acid position
C 12 D
: 1.0} Combined shear position
1.0 08} Signal peptide
0.8 0.6 | —Shear position
5 0.6 — Transmembrane £ i
A Inside 204 ‘
0.4 Outside 02} ‘
0.2 0.0 Hmll I
0.0 n JII111] 1 1 1 1 1 1 I
0 50 100 150 . 200 . 250. .300 350 400 450 0 10 20 30 40 50 60 70
. Amino acid position : Amino acid position
LR i
50 100 150 200 250 300 350 400 450

Amino acid position

E2 Acp-GBPERMIBL RIS FHHE

Figure 2 Physicochemical property and molecular characteristics of Acf-GBP protein. A: Phosphorylation site;

B: Hydrophilic property; C: Transmembrane domain; D: Signal peptide; E: Secondary structure; F: Tertiary

structure.
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A Accession number
Species in GenBank P-value Motif location
Apis cerana cerana XP_016905406.1 3.13x10724 I | \ | [
Apis dorsata XP_006607921.1 1.91x102% I | \ \ \ .
Apis laboriosa XP_043789953.1 5.57x1025 NN | \ | \ [
Apis florea XP 0036903622 2.38x102 NN | | \ l [
Eufriesea mexicana XP 0177592461 4.81x102>+ N | \ | | (|
Bombus affinis XP_050587351.1 4.19x102> I | | \ | —
Bombus terrestris XP 012167632.1 3.40x102> N | || I [
Anthophora quadrimaculata  CAK9811243.1 3.05x107%# _ I | [
Osmia lignaria XP_034187872.1 3.89x107215 _ I | | | |
Ooceraea biroi XP 0113426042 3.24x10-"7c— . | I |
Consensus sequence

Motif | Il RMSIPHEDGISLVAYHVKFNEDFYGLEAGTIARDIIKPRNGRWTYEDRST
Motif 2[7 ] CKRTAJGSYILPPVISGRLNTKSSFAFLYGRIQIRAKLPRGDWJYPLITL

Motif 3L | VGGHTIFPDNCISGNYVKPWRNVGSKALYHFYLAEBNWJKSWRNSDTGLH
Motif 4 8 RLKRGDIIYYWIHVVYBGLGYNLLDQOHVVNEFYNYDGSPV

Motif S SNNQLKRONICPGQLIFEENFDSLNTTRWTILERFSGPPNYEFVVYMNN

B Accession number
Species in GenBank @ GH16_beta_GRP
Apis cerana cerana XP_016905406.1 — = CBM39
Apis florea XP_003690362.2 — — @ LamG superfamily
Anthophora quadrimaculata CAK9811243.1 — _
Bombus terrestris XP_012167632.1 — —
Apis laboriosa XP_043789953.1 — s
Eufriesea mexicana XP_017759246.1 — —
Bombus affinis XP_050587351.1 — —
Ooceraea biroi XP_011342604.2 — —
Apis dorsata XP_006607921.1 — —
Osmia lignaria XP_034187872.1 - — ¥
0 100 200 300 400 500
Amino acid position
E3 EZERE M NMIFE-GBPE B & B RIIRTEF(A)FILEEIE(B)
Figure 3 Motlfs (A) and domains (B) of B-GBP proteins in Apis cerana cerana and other nine species.
24 T Acp-GBP N THE4HAY (255 bp) (K] 6A). H W BK U T (2 He ) 1 M ds-

RTEMBERELRE
RT-qPCR %5 7, % M BRE W IR Y 5
AcB-GBP 3Rk 5 12 T I (P<0.05) (E 5).
E— 4 T T4 Acp-GBP J5, 4hHxtE
W TR TR A U PO FIRTE o BRONE M O G F Sk R
45 R R WY & L Acp -GBP 1Y T 4 ¥ 4
ds-AcB -GBP (248 bp) 1 B 1 X} & ¥ 51 ds-egfp

AcB-GBP #l ds-egfp, T4 Acp-GBP E@Hﬁiﬁ h
Acf-GBP Wik 8 7E 1 dpi W FH KT ds-egfp 4
(P<0.05), 7£ 2 dpi A1 3 dpi W & &ML T ds-egfp
ZH(P<0.01) (Kl 6B). kRIS, Tk
AcB-GBP %)) BT FET B BE R YL it [ i i,

JF HARARIE T 4% I 255 T X R 41 (P<0.000 1)
(K 6C). it — it BRI S, T
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—— Apis cerana cerana (XP_016905406.1)

98
51 —— Apis florea (XP_003690362.2)
73 ———— Apis dorsata (XP_006607921.1)
Bombus affinis (XP_050587351.1)
2 Bombus terrestris (XP_012167632.1)
Osmia lignaria (XP_034187872.1)
%3 Ooceraea biroi (XP_011342604.2)
Anthophora quadrimaculata (CAK9811243.1)
88 — Apis laboriosa (XP_043789953.1)
83

Eufriesea mexicana (XP_017759246.1)

El4 MIBEWZEETP-GBPERNTEZESHMYMM ARG L EH

Figure 4 Phylogenetic tree of Apis cerana cerana and other species based on B-GBP proteins by neighbor-

joining method. The numbers in parentheses in the figure are the accession numbers of the species in GenBank;

The numbers on the branches are the bootstrap values.
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Figure 6 The effect of interfering with 4cf-GBP on the resistance of worker larvae to Ascosphaera apis

infection. A: Detection of dsSRNA from in vitro transcription by agarose gel electrophoresis; B: Determination of

relative expression level of Acf-GBP in the midguts of Apis cerana cerana worker larvae inoculated with

Ascosphaera apis after feeding dsRNA; C, D: Cumulative mortality rate and Chalkbrood incidence rate of Apis

cerana cerana worker larvae inoculated with Ascosphaera apis after silencing Acf-GBP. *: P<0.05; **: P<0.01;

wak: P<0.001; *#**: P<0.000 1.
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